10/519187 



1/23 



FIG. 1 



INPUT VALUE a i 
INPUT VALUE b I 



INPUT VALUE c liiip> 



INPUT VALUE d H 



INITIALIZATION f b d 



CIRCUIT 



INTERNAlT^ 

stateZ^ 



♦ 



b 



♦ 

w,x 



♦ 



♦ 

y 



»ip> OUTPUT VALUE w 
OUTPUT VALUE x 



||> OUTPUT VALUE y 
||> OUTPUT VALUE z 



♦ 



f TIME AXIS 



2/23 



10/519187 



FIG. 2 



(a) 



INPUT VALUE 
[a,b,c.d] 



ln[7:0]_mCIXcXi:\. 




OUTPUT VALUE 
[w,x,y,z] 



Out[7:0] 



CIRCUIT OPERATION 



INPUT VALUE 



CIRCUIT 



RECEIVE RECEIVE^, 
I DURING I DURING 
t OPERATION t OPERATION 



(b) 



CIRCUIT 



1 .1 



CIRCUIT 
OUTPUT VALUE 



LI 



♦ 

OUTPUT 



TIME AXIS 



TIME AXIS 



f TIME AXIS 
OUTPUT 



r 



10/519187 



3/23 



FIG. 3 



(a) 



CIRCUIT 



OUTPUT AS PACKET 



INPUT AS PACKET 



> 



URL 



ONE-WAY 
INFORMATION 
FLOW 



TRANSMISSION DEVICE 




CIRCUIT 



(b) 



INPUT 



UPL 
PROCESSING 
CIRCUIT 



OUTPUT 



(C) 



INPUT 



UPL 
MERGING 
CIRCUIT 



•OUTPUT 



10/519187 



FIG. 4 



4/23 



(a) 
INPUT UPL 



UPL 




UPL 


MERGING 




PROCESSING 


CIRCUIT 




CIRCUIT 



□ 



UPL 
PROCESSING 
CIRCUIT 



MEMORY 



OUTPUT UPL 



(b) 



INPUT 
ln[7:0] 



UPL 
PROCESSING 

CIRCUIT 
w=a+b,x=b-c, 
y=w/x,z=d+1 



™|> OUTPUT 
' ^ Out[7:0] 



in[7:o] /m mrTYTX 

Out[7:0] 



CIRCUIT OPERATION 



(c) 



INPUT 



In 1 [7:0] 0 
In2[7:0] 1 



UPL 
MERGING 
CIRCUIT 



ii> OUTPUT 
^ .Out[7:0] 



In1[7:0] flfbT^ 
In2[7:0] \ flTbUm 



Out(7:0] 




VALUES IN PACKETS ARE NOT CHANGED 



10/519187 



5/23 



FIG. 5 



MODULE A 



module j)rogram() 
{ 

char *p= "abc"; 
func{ 3,p); 



FUNCTION 
CALL 



MODULE B 

"^har tunc (int a, char*p) 
{ 

char b; 
b=p[a] + 3; 

return b; 



10/519187 



6/23 



FIG. 6 



MODULE A 



FUNCTION 
CALL 



MODULE B 



/* PUT ARGUMENTS INTO STRUCTURE */ 
struct args { 

int a; 

char p[4] 

}; 

module j)rogram() 
{ 

char *p="abc"; 

struct args args; 

args.a=3, 

strcpy(args.p, p); 
/* CALL BY USING P OINTER TO VARIABLES / 
AS ARGUMENT */ 

func( &args ); 



} 




char func (struct args *args) 
{ 

/ * RECOVER VARIABLES FROM CONTENT OF 
STRUCTURE */ 
int a = args->a; 
char *p = args->p; 
char b; 
b=p[a] + 3; 



return b; 



FIG. 7 



7/23 



10/519187 



MODULE A 



struct args 1{ 
int a; 
char p[4]; 

}: 

struct args 2{ 
int a; 
int b; 
int p[8]; 

} 

module_program() 
{ 

char *p="abc"; 

struct args1 args; 

args.a=3, 

strcpy(args.p, p); 
/* CALL BY USING POINTER TO 
VARIABLES AS ARGUMENT */ 

func( &args ); 



FUNCTION 
CALL 



MODULE B 



} 




fund (struct args1 *args) 
{ 

/* RECOVER VARIABLES FROM CONTENT OF 
STRUCTURE */ 

int a = args->a; 

char *p = args->p; 

char b; 

b=p[a] + 3; 



return b; 

} 

func2 (struct args2 *args) 
{ 

/* RECOVER VARIABLES FROM CONTENT OF 
STRUCTURE */ 

int a = args->a; 

int b = args->b; 

int *p = args->p; 

int c; 

c=p[a] * b; 



} 



10/519187 



8/23 



FIG. 8 



MODULE A 



struct_args{ 
inta; 
char p[4]; 

}: 

struct args 2 { 
inta; 
int b; 
intp[8]; 

}; 

module_program() 
{ 

char*p= "abc"; 
struct argsl args; 

args.a=3; 
strcpy(args.p,p); 

/* CALL BY USING POINTER TO 
VARIABLESASARGUMENT*/" 
func(1,(void*)(&args)); 



FUNCTION 
CALL 



MODULE B 



} 



func(int funcID, void *args) 
{ 

switch(funclD){ 
case 1: 

fund (struct argsl*); — 

break; 
case 2; 

funl<2(structargs2*); — 

break; 

} 

} 

fund (struct argsl *args) -J 

{ 

/* RECOVER VARIABLES FROM CONTENT 
OF STRUCTURE */ 

int a = args->a; 

char *p = args->p; 

char b; 

b=p[a] + 3; 



return b; 

} 

func2 (struct args2 *args) 
{ 

/* RECOVER VARIABLES FROM CONTENT 
OF STRUCTURE */ 

int a = args->a; 

int b = args->b; 

int *p = args->p; 

into; 

c=p[a] * b; 



} 



10/519187 



9/23 



FIG. 9 



MODULE A 



MODULE B 



mduleAJuncO 



{ 



struct args 1args; 
args.a= 10; 
strcpy(args.p,"abc) 

funcB(1 ,&args ); 



} 




funcB(int cmd .struct args 
*args) 

switch(cmd){ 
case 1 : 
fund ((struct 
args1*)args); 
break; 
case2; 
funk2((struct 
args2*)args); 
break; 

} 

fund (struct args1 *args) 
{ 

struct args3 args3; 

args3a=args3.a->a+5; 

args3b=args3.a->a*10i~ 

strcpy(args3.p,args->p) ; 

args3.p[2]='z'; 

funcC(2,&args3); 

} 



MODULEC 




■funcC{int cmd.struct 
args *args) 



{ 



); 



switch (cmd){ 
case 1 : 

fund ((args r)args) 

break; 
case2; 

funk2((args2*)args 



break; 
} 



int a; 



E 



GENERATE BY COMPUTATION (PROCESSING) 



I I I 

















III 


1 1 1 




1 1 1 



f 

char p[4]; 

BIT IMAGE OF BIT IMAGE OF BIT IMAGE OF BIT IMAGE OF 
struct args1 args struct argsl args struct args3 args struct args3 args 



10/519187 



10/23 



FIG. 10 



fund (struct args1 *args) 
{ 

struct args3 argsS; 
argsS.a = args3.a->a+5; 

args3.b = args3.a->a*10; 
strcpy(args3.p,args->p); 
args3.p[2] = 'z'; 
funcC( 1,(void*)( &args3) ); 



10- 



31 bit 
WordO 
Word 1 



p[0] 



ADDER 



MULTIPLIER 



P[11 



p[2] 



31 bit 



Obit 



Pl3] 



WordO 
Wordi 
Word 3 



0] 



•z' 



Pll] 



Obit 



P[21 



P[3] 



struct argsl args 



struct args3 args 



11/23 



10/619187 



FIG. 11 



FUNCTION 
NUMBER 



ARGUMENT STRUCTURE 



1 


inta 




char p[3] 








^ 



12/23 




CD 



10/5191 




10/519187 



14/23 



CD 



O 



O 

o 

!^ 
or 



O 



I — 

CO 



C3 



CD 



66 



:^ CO :^ 

O LLJ O 

? 33 

C3 C3 is^ 

LXJ CJ> LU CJ> 

QC -cc cc -a: 
o o o o 
^ ^ ^ ^ 

QC QC CC OC 

o t= ^ ^ 

I CQ CQ CQ DQ 

C:> DC QC QC QC 



CJ> 




CO 



CO : 



CO ; 
cri - 

LJ_I . 

! 

O 

QC 

HZ 
c:> 



DC 
CD 

CO 



CO 
CO 



CD DC 



CO 

CJ> I — 
L-l_ CD 

CO S • 

—I S: 

Q_ . - 
> LU 



czj uu 

-DC 



> ^ CD 







CO 


LJ 


u 






CO 
L-LJ 






fee 


C 


o 






DC 








CZ3 






■<c 


CD 


u 






LU 


-cC 






QC 


cu 










DC 






DC 










CO 










CO 


L 


LJ 






U-l 








DC 


C 


O 






CZl 


















L 


LI 


CJ> 


UU 


LU 


L 


LJ 


CD 










QC 




DC 


CD 
A 











LU I — 
Ll_ CO 
Ll_ I 



LU CO LU I I 

1 CO 1 CO Z 

CO 1 1 1 m 1 1 i 1 1 1 

oc zz> 

LU Q LLI ScD 

Q I DC Q 

-cC Q ^ I LU 

LLI ^ Q- 5 _J 

OC LU tr o_ S 
CC^ t— CD 



CO 
CO. 



CDS 
CD 



CD LULU| CD 



3^ 

CD 

t 



CD C3 => 
<^ CO ^ 



10/5191 




16/23 



FIG. 16 



(a) 



FIRST 
LAYER 



PHYSICAL 
LAYER 



SECOND 
LAYER 



DATA 
LINK 
LAYER 



1 C 



THIRD 
UYER 



NETWORK 
LAYER 



1 r 



FOURTH 
LAYER 



TRANS- 
PORT 
LAYER 



CI] CDIZD □□!=□ □□□□ 



1 r 



FIFTH 
LAYER 



SESSION 
LAYER 



UPL 




1 L 



SIXTH 
LAYER 



PRESEN- 
TATION 
LAYER 



SEVENTH 
LAYER 



APPLI- 
CATION 
LAYER 



EXTERNAL 
RECEIVING 
CIRCUIT 



EXTERNAL 
SENDING 
CIRCUIT 



(b) 



MODULE A UPL OUTPUT 




MODULES UPL INPUT 


OF PROCESSING DEVICE 




OF PROCESSING DEVICE 






a 


INPUT REGISTER 




OUTPUT REGISTER 






a 


COMMUNICATION PATH (UPL) 



2 



10/519187 



17/23 



FIG. 17 



(a) 



FIRST LAYER 
HEADER 



N-1TH LAYER DATA 







NTH LAYER DATA 






N+1THUYER DATA 






/ 1 N-1TH LAYER 
/ 1 HEADER 


NTH LAYER 
HEADER 


N+1TH LAYER 
HEADER 


f/- 



N-1TH 
UYER 



(b) 



NTH 
LAYER 



MAKE NTH 
LAYER HEADER 
INCOMPLETE 



Q 

o 



>- LLlCC 
— TLU 



CCLU 

LUJ— cn 

>;LULU 



UPL 




N+1TH 
UYER 



UPL 




N-1TH 
LAYER 



(C) 



NTH 
LAYER 



N+1TH 
LAYER 



MAKE NTH 
LAYER HEADER 
COMPLETE 



tunc ID 


N-1TH LAYER 
INCOMPLETE 
HEADER 


NTH LAYER 
COMPLETE 
HEADER 


NTH LAYER 
DATA 




func ID 


NTH UYER 
INCOMPLETE 
HEADER 


NTH LAYER 
DATA 











UPL 



UPL 



Y 

7 



10/519187 



18/23 



FIG. 18 



LSI1 



INPUT 
UPL 



UPL 
MERGING 
CIRCUIT 



UPL 
PROCESSING 
CIRCUIT 



LSI2 



UPL 
PROCESSING 
CIRCUIT 



MEMORY 



OUTPUT 

UPL 
► 



FIG. 19 




UPL 




UPL ^ 


MERGING 




PROCESSING 


CIRCUIT 




CIRCUIT . 



(a) 




UPL 
PROCESSING 
CIRCUIT (SPLIT 
PROCESSING) 




SPEEDUP 






UPL 
MERGING 
CIRCUIT 




^ UPL 

PROCESSING 
CIRCUIT 




PARALLELIZATION 



(b) 



UPL 
PROCESSING 
CIRCUIT 



0 



(c) 



-1 I CIRCUIT r ^'T 

I UPL i—in 

PROCESSING I 

CIRCUIT ' 



UPL 
MERGING 
CIRCUIT 



r 



10/519187 



19/23 



C3 ^ 
CO 




C3 LU r75 CO 

C3 >— 

, i I i OC ^5 




10/519187 



20/23 



FIG. 21 



UPL PROCESSING CIRCUIT 



ETHERNET 
PACKET ^ 



RJ45 
CONNEC- 
TOR 



ETHERNET 
PHY LSI 




UPL 
CONVERSION 
CIRCUIT 



EXAMPLE OF ETHERNET 
RECEIVING CIRCUIT 



iiEXISTING INTERFACE AND: 
\ INFORMATION FORMAT : 



TOBEINPUFEDTO 
CIRCUIT THAT PROCESSES 
ETHERNET INFORMATION 



UPL 



ETHERNET 
PACKET 



/ X X X X y X x; 

UPL PACKET 



10/519187 



21 /23 



FIG. 22 



INPUT VALUE 
ARGUMENT 
OF funcA 



CIRCUIT 




CIRCUIT 




CIRCUIT 


A 




B 




C 



lntfuncA{....){ 
funcB(....); 



CALL 



intfuncB(....){ 
funcC(....); 



OUTPUT VALUE 
►RETURN PATH 
OF funcA 



10/5191 87 



22/23 



FIG. 23 



TRANSLATE 



(a) 



class A { 


VARIABLE 


- Int a[MAXIMUM NUMBER OF 


int a; 




INSTANCES]; 


int func(){ 

intc = this.a+4; 




intfunc(int INSTANCE ID){ 


} ^ 


TRANSUTE 

INTOC 
LANGUAGE 


lntc = a[INSTANCE ID]+4; 

} 




DESCRIPTION 





MAINTAIN 
VALUES IN 
MEMORY 



(b) 




INPUT VALUE (INSTANCE ID) 



R 


EAD 


UPL PROCESSING CIRCUIT 
(MEMORY READ) 




MEMORY 
ELEMENT 


UPL PROCESSING CIRCUIT 
(PROCESSING OF func) 


V 






/RITE 


UPL PROCESSING CIRCUIT 
(MEMORY WRITE) 



OUTPUT VALUE 
(RETURN PATH OF FUNCTION func) 




int a[MAXIMUM NUMBER OF 
INSTANCES]; 

intfunc(int INSTANCE ID){ 
intc = a[INSTANCE ID]+4; 



int func(lnt this_a){ 
int C = this_a+4; 

return C; 



10/51918? 



23/23 



FIG. 24 

(a) 



INITIAL DEVELOPMENT STAGE 



MICROPROCESSOR 
+ 

SOFTWARE IMPLEMENTING 
ENTIRE APPARATUS FUNCTIONALITY 
(FUNCTIONALITY 1, FUNCTIONALITY 2, 
FUNCTIONALITY N) 



SOFTWARE PART 



(b) 



HARDWARE IMPLEMENTATION STAGE 

UPL APPARATUS 



MICROPROCESSOR 

SOFTWARE IMPLEMENTING 
FUNCTIONALITY OF 
APPARATUS NOT 
CONSTRUCTED BY HARDWARE 



UPL 
PROCESSING 
CIRCUIT 1 




UPL 



UPL 
PROCESSING 
CIRCUIT 2 



UPL 
MERGING 
CIRCUITS 



SOFTWARE PART 



HARDWARE-IMPLEMENTED PART 



(C) 



DEVELOPMENT COMPLETION STAGE 

UPL APPARATUS 



MICROPROCESSOR 

SOFTWARE 
IMPLEMENTING 
FUNCTIONALITY OF 
APPARATUS NOT 
CONSTRUCTED 
BY HARDWARE 




UPL 



UPL 


UPL 


UPL 


PROCESSING 


PROCESSING 


GIRCUm 




CIRCUIT 2 



u 

MERGING 
CIRCUIT 4 



UPL 

UPL 




UPL 
MERGING 
CIRCUITS 



UPL 



UPL 
MERGING 
CIRCUITS 



SOFTWARE PART 



HARDWARE PART 



